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PART T.

THE MORPHOLOGY OF PLANTS.

§ 1. The Members of the Plant. An ordinary flowering-
plant consists of a number of parts which are distingnished as roots,
stems, leaves, fruits, etc. These may be considered scientifically in
two ways; either with reference to their functions in the economy
of the plant, when they are regarded as the organs by which these
are performed, and are the subjects of physiological study; or, their
functions being disregarded, their relative position, the place and
mode of their origin, the course of their growth, and their relative
size may be considered; that is, they may be studied from a purely
morphological point of view, when they are regarded merely as parts
of a whole, and are designated as members. The members may be
conveniently arranged in four categories, namely, Roofs, Stems
(Canlomes), Leaves (Phyllomes), and Huoirs (Trichomes). When
the body of a plant does not present any differentiation into root,
stem, and leaf, as in the case of the Alge and Fungi, it is termed
a Thallus (Thallome).

With the exception of the primary axis of the seedling, all mem-
bers are developed laterally upon others, which may or may not
belong to the same category. A root, for example, is repeatedly
producing lateral roots which are similar to each other and to the
main root from which they have arisen; a stem, on the other hand,
produces, in addition to branches which are similar to itself, leaves
and roots. Kvery member remains in connection by its organically
lower end, its base, with the member from which it has becn
developed : the opposite end is the organically upper end or apes.
Those members, viz., stems and roots, which more especially pro-
duce lateral members, continue to grow at their apices, and the
lateral members are normally developed behind the apex in such
a way that the youngest of them lies nearest to the apex. Thus,
the youngest lateral root is the nearest to the apex of the mother-
root, and it is the youngest leaf which is the nearest to the apex
of the stem; hence in all normally developed members the suc-
cession in time may be inferred from the succession in space ; that

B







§ 3.] PART I.—THE MORPHOLOGY OF PLANTS. 3

widely separated. The boundaries of the internodes—the places,
that is, at which the leaves are inserted—termed nodes, are some-
times prominently developed, more particularly when the leaves
are arranged in whorls, e.g., Labiate, or when they ensheath the
stem. The portion of the surface of the stem from which the leaf
arises is the inserfion of the leaf, and its organic centre is called the
point of insertion. After the
fall of the leaf the surface
where it was inserted re-
mains for a long time visible
as a scar or ciealrie.

So long as the internodes
have not begun to elongate,
and the leaves are still folded
together so as to cover the
apex of the stem, the grow-
ing end of each shoot is
known as a bud. The bud
which lies at the apex of a
shoot, the lower portion of 'W'
which has already under- i
gone elongation, is a terminal
bud ; the lateral buds are the
E&t‘lj’ e 0 toside F1e. 1.—Diagrammatic longitndinal seetion

"E"Elﬂ})‘ttd. lat.er&llj' OUpon & through the growing apex of & stem ; b the leaves ;
growing main shoot, which ¥n their axillary buds; e epidermis; f fibrovasca.

often remain in this con. " CoRUCE

dition for a considerable time. The arrangement of the lateral
buds, and zonsequently that of the branches which are developed
from them, is closely related to that of the leaves ; thus in Mosses
and many Ferns they are developed immediately below or by the
side of a leaf; in the higher plants, always in the axil of a leaf,
that is to say, in the angle made by a leaf +with the internode above
its insertion. In the latter case they make their appearance at the
first formation of the leaves (Fig. 1, kn). With few exceptions
they are developed in the axil of every leaf, the exceptions beingt
the leaves that form the flower, and those of many of the Conifers,

- 3 3. The Arrangement of the Leaves (Phyllotaxis). The
arrangement of the leaves on the stem is most intimately connected
with the acropetal order of their development ; and since, as has
been already shown, the arrangement of the lateral shoots ,n:'lenenda

| [1\
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£ 3.] PART T.—THE MORPHOLOGY OF PLANTS. 5

plainly exhibited by means of diagrams (e. ¢, Figs. 3and 4). Such
a diagram consists of a ground-plan of the stem, regarded as being
a cone, and looked at from above: the insertion of each leaf will
lie upon one of & series of concentric
circles, and the higher the insertion of
the leaf upon the stem, the nearer to the
centre will be the circle of the diagram
upon which its insertion is indicated.

It may be perceived in the diagram
Fig. 3, that when the leaves are arranged
in alternate whorls they form twice as
many longitudinal series on the stem as R e
thﬁl‘ﬁ are leaves In each W}J.DI‘]., Pl'ﬂ"n"ided, with alternate two-leaved whorls.
of course, that the number of leaves in &0 0 the four orthostichies.

; g 1,1, 2,2, 3,3, the successive whorls.
each whorl is the same. The longitu-
dinal series, which are indicated in the diagram by radii, are called
orthostichies.

This particular arrangement of alternate whorls of two leaves
occurs very frequently, and is termed the decussate arrangement.
The two leaves of each whorl are said to be opposite. Tt is com-
paratively rare for equal successive whorls to be superposed; that
1s, that the leaves of each whorl shonld lie exactly above or below
those of the others, so that there are only as many orthostichics
as there are leaves in each whorl.

Examples of decussate leaves : the Caryophyllacem, the Labiatm, the Caprifo-
liacems, to which belong
Syringa (Lilac), Lonicera

(Honeysuckle), and Sam-
bucus (Elder) ; the Maple,
the Horse-chestnut, and

the Ash. In Rhamnus ca- '
tharticus the two leaves of
each whorl are usually at
a slightly different level.
Alternate whorls of 3

-]
|
(irrespectively of flowers) A
occur in the common Ju-
niper, in Catalpa, and oc- Fi16. 4.—A. Dingram of a stem bearing leaves with a di-

caaiunally i RBE Hr ::rfenm off. B, Astom bearing leaves with a divergence

chestnut and the Maple,

When the leaves are arranged in a seattered manner it is easy to
detect that, within a certain region of the stem, their divergence is
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If it is required to determine the arrangement of the leaves
(phyllotaxis) on a stem, it is necessary to find the leaf which is
exactly above the one, numbered 0, selected as a starting-point,
and then to count the number of leaves which are met with in
following the shorter spiral round the stem between these two
leaves. The number of the leaf which lies in the same orthostichy
is the denominator of the fraction of di-
vergence, and the numerator is the nnmber
of turns made by the spiral between the
two leaves.

When the number of orthostichies is
greater than 8, it becomes very difficult to
detect them, particularly when the leaves
are closely arranged as in the rosette of
the House-leek, the capitulum of the Sun-
flower, or as the scales in a Fir cone.
Another set of lines lying obliquely then
strike the eye, called parastichies, which
also ran round the stem in a spiral, but
touch only some of the leaves; for in-
stance, in Fig. 6, the line which connects
the leaves 3, 6, 9, and 12. It is evident
that the number of parallel parastichies
must be as great as the difference between
the numbers of the leaves in any one such
line. Thus in Fig. 6, again, another para-
stichy connects the leaves 2, 5,8, 11, and so
on; and a third, the leaves 1, 4, 7, 10, ete.
From this 1t is possible to deduce a simple
method for ascertaining the phyllotaxis in
complicated cases: the parastichies which mﬂFIlf;_.LE;E;ﬂﬂﬂ::f;;:.:tfﬂ
run parallel in one direction are counted, econstant divergence of §; the
and the leaves in one of them are numbered 147 of the anterior surface
according to the above-mentioned rule; by tions, those of t-bj;pl::ﬂ;er;or by
repeating the process in another system of circles; they are connected by
parastichies which intersects the first, the ﬂ.,.:';h:ﬁ:z;;’:ﬂrl,;ﬁ;:u[;;i: e
number of each leaf will be found.

: :
T'he commonest divergences are the following :

_} 1l A 3 5 4 13
: W P E By Er TE TN AL
This series is easy to remember, for the numerator of each fraction

is the sum of those of the two preceding, and it is the same with
the denominators.
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Departures from the ordinary flattened form of the leaf are found
in the acicular leaves of the Spruce, in the cylindrical leaves of
many species of Sedum and Mesembryanthemum, and in the
tubular leaves of Allium and Juncus.

The leaf is usnally regarded as consisting of three parts: the
sheath, the stalk, and the lamina or blade. The sheath (Fig. 7 v)
encloses the stem at the insertion of the leaf, assuming a tubular
or sheath-like form; it is largely developed in Grasses and Umbel-
liferse. The leaf-stall: or petiole (Fig. 7 p) is narrow, usually semi-
cylindrical or prismatic in form, and bears at its end the Ef{Pﬂ-T.lﬂEt.d
blade (Fig. 7 1): occasionally, as in the Australian Acacias, 1t 1s
flattened and leafy, when it is termed a phyllode. These three
portions are not, however, developed in all leaves. Many leaves,
as those of the Maple and the Gourd, have only petiole and blade ;
others, as the Grasses, only sheath and blade.
Frequently the blade only is present, as in the
Tobacco and the Tiger-lily, when the leaf is said
to be sessile.

The stipules must be regarded as belonging
to the sheath: when they are present the leaf
is said to be stipulate; but they are frequently
wanting, and the leaf is then said to be ex-
stipulate. In many plants they take the place
of the sheath and appear as two outgrowths at
the base of the leaf (Fig. 8 Band Css). They
are often similar in colour and texture to the
leﬂ.v?a, as i1.1 Willows, Peas, the Violet, and the e
Rubiacew, in which they are compound; in nunculus Ficaria.
other plants, on the contrary, they are colourless : bful.ldtl:n:::;t :‘u;‘“‘k ;
or brown, and fall off soon after the leaf is un- Ly
folded, as in the Beech, the Elm, and the Lime. Sometimes a pair
of stipules occur as well as a sheath, and they appear as teeth at
the top of the sheath, as in the Rose. Occasionally the two stipules
are connate, that is, they are more or less united: when they
cohere by their outer margins they form an opposite stipule, as in
Astragalus, and when they cohere by their inner margins th'ey
form an azillary stipule, as in Houttuynia cordata : in the Polygo-
nacee they cohere by both their inner and outer margins, thus
forming a sheath, termed an ochrea (Fig. Eﬂﬁ'ﬁ 0) which surrounds
the internode above the insertion of the leaf: when the stipules
of opposite leaves cohere they form what are termed interpetiolar
stipules, as is frequently the case in the Rubiacem.
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§ 5.] PART I.—THE MORPHOLOGY OF PLANTS. 17

elongation has begun, and produce new independent plants, are
called bulbils; such are the bulbous buds in the axils of the Feﬁwes
of Liliwm bulbiferun, and in the inflorescences of species of

Allium, ete. . 2y
The typical form of the stem is cylindrical or prismatic; in the

latter case the number of the angles bears a definite relation to the
arrangement of the leaves ; for instance, when the leaves are oppo-
site and decussate, the stem is quadrangular. TIrrespectively of the
the thickenings of the stem at the nodes which separate the inter-
nodes, a tumidity, the pulvinus, usually occurs at the insertion
of the leaf, which is very conspicuous on the branches of the Fir,

Poplar, and Ash.

The different forms of stems are determined by the period and
direction of their growth, the length of their internodes, the relation
of their thickness to their length, the form of the leaves they bear,
and by other factors.

The soft herbaceous axis of annual plants is usually known as a stalk (eaulis);
the terms trunk, branch, and bough are usually applied to stem-structures which
persist and increase in thickness for several years. The latfer are built up of
successive annual shoots; for, during the time when growth is inactive, which
in our climate is in the winter, the apical and the lateral shoots remain quies-
cent in the condition of buds. The lowest internodes of each annual shoot ars
short, particularly those which lie among the bud-scales, so that the limit between
the shoots of two successive years is easily recognised even in old branches by the
close arrangement of the scara of the fallen bud-scales. The other internodes of
the annual shoot are longer nearer the apex, but are sometimes short again close
beneath it, as in the Oak, so that the leaves and lateral buds are crowded below
the terminal bud, When most of the internodes are elongated, as has been
described, the structure in question is an ordinary shoot: but on many trees
there are also dwarf-shoots. These are annual shoots the internodes of which
have hardly elongated at all, and usually bear no lateral shoots: such are the
shoots bearing the fascicled leaves of the Larch, which spring from the axils of
the leaves of an ordinary shoot of the same year: they usually elongate but
slightly each year, but shoots of this description may, under certain circum-
stances, develope into ordinary shoots. Inthe Scotch Fir, these dwarf-shoots bear
only two green acicular leaves in addition to seales, and arise in the axils of the
scaly leaves of an ordnary shoot of the same year's growth. In forest-trees,
these dwarf-shoots occur especially in advanced age, or when their growth is
stunted ; they are very conspicuous in the Apple and the Pear, and other similar
trees, and are the only parts of the tree which produce flowers and fruit.

The stem of herbaceous plants is usually erect, but sometimes it is ‘prostrate,
a8 in Thyme; when, in this case, roots grow from the nodes, it is called a creep-
ing stem (soboles, Fig. 14 E). Stolons are long, glender, lateral shoots which
grow close upon or under the surface of the soil and take root again at some
distance from the parent plant (e.g., the Strawberry, Fig. 14 D). Twining or

C
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Many axial structures become thorns, being metamorphosed into hard, sharp-
pointed bodies. Sometimes the apex of a shoot is modified in this way after

it has produoced
leaves, e.g., the
Sloe (Fig. 16), or
eertain lateral
shoots are de-
veloped as thorns
from the first, as
in Gleditschia, in
which plant se-
condary thorns
also are developed
from the axils of
scaly leaves.
With  regard
to those suﬁ:-
ranean stemas
which are com-
monly known as
roots, and bear
for the most
part cataphyllary
leaves, the most
important  va-
rieties are — the
rhizome, which
differs but littla

from the ordinary  F1e. 15.—A Part of the stem of the Vine (} nat. size) with uwo
typical stem: it tendrils vr; the upper one bears small leaves h and branches; the

grows  horizon-

lower one has become attached to & support x and has rolled up
spirally ; bb petioles ; in this case the tendrils are branches which are

tally under the pecaliarin that they are opposite to the leaves. B Twining stem of
earth's surface, Ipomeea, s, with leaves b and a bud k; xxis the support.

and developes -
new airial, herbaceons stalks and sometimes green
leaves every year (Fig. 14 C) : the tuber, which
grows greatly in thickness and bears only minute
scaly leaves; e.g., the tubers of the Potato and of
Helianthus tuberosus (Jerusalem Artichoke) (Fig.
14 4 k): the bulb (Fig. 14 B), which consists of a
flat discoid axis (k) bearing numerous crowded and
overlapping leaves (z) e.g., the Onion and Tulip,
and the corm (Crocus) in which the axis is larger
and the seales less numerous and more delicate.
The form of stem which differs most widely from
the ordinary type is the phylloclade, which re-
sembles a leaf in its appearance, and bears only

T

Fig. 18.—Thorn of the Slos,
Prunits spinosa, a branch, d
leaf-gcar, from the axil of which
the thorny branch s springs;
on the thorn areff leaf-scars;
in the axil of the upper one is
the bramch =z, in that of the
lower, the bad k.

very small true leaves, e.g., the branches of Ruseus and Phyllanthus. In the
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of the successive dichotomies, either to the left or to the right (Fig.
17 B), when it is said to be a helicoid (bostrychoid) dichotomy, e.g.,
the leaf of Adiantum pedatwm, or it may consist alternately of the
right and left bifurcations of successive dichotomies (Fig. 17 C),
when it is said to be a scorpieid (cicinal) dichotomy.

Dichotomous branching is rather uncommon, and scarcely ever oecurs in
leafy shoots: it ocours in the roots of the Lycopodiem and in the frondose

:_Diverwarlﬂ.

2. The branching is said to be racemose when the member con-
tinues to grow in its original direction, and produces lateral
branches in acropetal succession behind its apex; it is therefore

the common base of all the lateral shoots, and hence the system is
termed mono-

podial. Tt 1is
evident  that
this mode of
branching
must oceur
in all stems
the lateral
branches  of
which are de-
pendent, as to
their position,
upon the ar-

Fi6. 18.—Diagram of a False Dichotomy or Dichasium ; the Ro S &
numerals indicate the order of duvnlupiian; .:E the nl;nnt: GIE:.:: the leawes’ and
system. Those numbered II' and II* are equally vigorous, and much are  therefore
maore 8o than the primary axis I. (From Sachs.) dﬂ?&lﬂpﬂd in
acropetal succession. Hach branch may subsequently branch again
in the same manner, The primary axis continues to grow more
vigorously than the lateral axes, and each lateral axis stands in the
same relation to the lateral axes.

3. The branching is said to be cymose, when at an early stage the
growth of each lateral axis begins to'be more vigorous than that of
the primary axis above the point of origin of the lateral axis, and
when the lateral axis becomes more copiously branched than the
primary axis. Hence two forms may arige :

(a) there may be no pseud-awis ; this is the case when two or more
lateral axes are developed in different directions and grow with
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the same occurs in Syringa, in which the axillary buds of the uppermost pair ::f
leaves form the continuations of the stem, whilst the terminal bud dies ; also in
Rhamnus catharticus, in which the main axis is metamorphosed into a thorn.
In this ease the branching of each annual shoot is racemose, but the successive

annual shoots form a cyme. :
The snceession of the annual shoots of many trees, as the Birch, Elm, Beech,

and Hazel, affords examples of the sympodial cyme; in these, each annual shoot
either terminates in a flower, or it dies, and the uppermost lateral bud forms its
continuation. Here also the branching of each annual shoof, apart from its

apex, is racemose.

§ 7. The term Root in its botanical sense is not applicable, as
in ordinary parlance, to any subterranean part of a plant, but only
to those members of a plant which are developed endogenously,
which produce no leaves, and which
have their growing-point protected by
a peculiar structure, the root-cap (Fig.
20 k). The ontermost cells of the
root-cap are thrown off while new
ones are continually being formed at
the growing-point.

Roots only ocenr in such plants as
possess fibro-vascular bundles, and
they themselves invariably contain
such bundles; only a few wascular
plants are entirely destitute of roots

(Salvinia, Lemna arrhiza, etc.). The s, 20.—The side roots n, thrown
term Pﬁmm’!ﬂ' root (ta.p-ruut} 18 applied ont from :hF !:cric.ambium of t_.hﬁ l_;np-
: root of Ficia Faba. (Longitudinal
to the root of a young plant which ... ;g 5 times) s Fibrovaseular
lies in the same straight line as its bundles. r Cortex of the main root.
Pl'i-m*']*rf stem ; S the Vincerlns GITF" h Root-cap of the lateral roots.
togams and in the Monocotyledons it remains small, and it is only
in the Dicotyledons (to which group the Bean, the Tobaceco, the
Hemp, and the Oak belong) and in the Gymnosperms, that it
attains a considerable size in proportion to the rest of the plant.
All the other roots—the secondary and the advenfitious—originate
laterally upon the primary root, or from the stem, or even from
leaves. They invariably originate from an internal layer of tissue,
and then break through the external tissues, On anatomical
grounds (§ 25), the lateral roots are arranged in longitudinal rows
on the main-root; at a later period, however, numerous adventitions

roots are successively developed here and there between the original
lateral roots.
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(3). A watery fluid, the cell-sap, which fills the whole space,
called the vacuole, enclosed by the protoplasm (Fig. 22 © ).

The same cells in which these three parts may be distingnished,

present, in their young state, when they are

r

F1a. IZ.—Farenchyma-cells from the cortical layer of the root
of Fritillaria imperialis; longitudinal sections (x 550). 4 Very
young cells lying close to the apex of the root, still without
cell-sap. B Cells of the same description about 2 mm, above the
apex of the root; the cell-sap s forms separate drops in the
protoplasm p. € Cells of the eame description abont 7-8 mm.
above the apex of the root; the two cells to the right below
ara geen in a front view; the large cell to the laft below is in
geciion; tho cell to the right above is opened by the section:
the noclens shows, under the infloence of the penetrating
water, & peculiar appearance of swelling (zy). (Copied from
Sachs.)

very much smaller
(Fig. 22 4), quite
a different appear-
ance. At this period
the protoplasm fills
the whole cell ; the
cell-sap makes its
appearance in the
course of develop-
ment, at first (Fig.
22 B) in the form
of small drops.
These, while the
whole cell increases
in size, gradually
increase also and
coalesce; while at
the same time the
bands of proto-
plasm which se-
parate them are
absorbed into the
peripheral layer.
In this way these
cells attain the con-
dition in which they
remain until the
death of the organ
of which they form
part. They may be
taken as examples
of the cells which
compose the sucen-
lent parts of plants,
such as the cortex

of stems and of roots, and fronits. Other cells, as for instance those
of wood and cork, pass beyond this stage and become still further
modified ; the cell-sap and protoplasm disappear, so that at last only

— .
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air or water is contained within their walls. Bub whilst cells of the
former class, furnished with protoplasm, are capable of carrying on
osmotic and chemical processes, and, under certain conditions, of giv-
ing rise to new cells,—that is to say in short, of living,—mature wood-
cells, devoid of protoplasm, are no longer capable of performing these
functions; they are
of use only in virtue
of the firmness and
other physical pro-
perties of their
walls. Hence the
protoplasm is to be
regarded as the
living body of the
cell. Indeed, there
are cells which,
when first formed,
consistonlyofnaked
protoplasm,  and
they oceur precisely
in connection with
the most important
vital function of
the organism—that
of  reproduction.
Such cells are
termed primordial
cells (Fig. 37 B).
They subsequently
become surrounded

Fig. 23.—Various forms of cells. A4 The end of & bast-fitire,
b].?’ a membrane with strongly thickened pitted walls (longitudinal section = 300).
which is secreted B Wcuﬂ.-eailn_imm the root of the Cucumber (% 300), surface-

view and section. C Part of vessel with bordered pits from the
b}' the ].'Jl"Ut{JP]aSm1 stem of Helianthus tuberosus (3 300) cat opon at the top. At a

From this it ap- and b the remains of the absorbed septa are visible.
pears that the cell-wall, as well as the cell-sap, is a product of the
vital activity of the protoplasm. It has been attempted to express
the essential characters of the cell by describing it as a mass of
living protoplasm which usually surrounds itself with a firm membrane,
and tales up fluid into itself.

Various as the internal arrangements of the cell may be, its size
and form may vary quite as widely. While some cells are so small
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that the volume of the cell not unfrequently becomes a hundred-
fold greater. Thus, for instance, in a leaf eneclosed in a leaf-bud,
the cells, of which it will consist when
mature, all exist already, and it is by their
simultaneous increase in volume that the
leaf attaing its mltimate size. In the rare
cases in which the superficial growth is
equally great at all points, the cell preserves
its original form, but unsually the cell-wall 4 _
: : . Fic. 24—Ripe pollen-grain

grows more vigorously in certain parts than ¢ gigorium miybus; the al-
in others; thus, for instance, a primarily most spherical surface of the
spherical cell may become cubieal, tabular, :ﬁ::ﬁu mprgz::;ii ";f‘n'::
eylindrical, tubular, fusiform, and so forth.  longed into spines, and form-
The growth in thickness of the cell-wall inganetwork. (After Sachs.)
is also rarvely uniform ; the cell-wall commonly becomes more
thickened at some points than at others, and thus acquires in-
equalities of surface. In the case of isolated cells or of free cell-

walls, the prominences existing in this way on the external sur-

F15. 26.—A cell with Fra. 27.—Transvarsa goc-
pitted walls from the  tion of a bast cell from the
wood of the Elder (Sam- root of Dahlin variabilis (x
bocns). A longitndingl 500 ; T the cell-cavity ; K pit-
section showing the pits channels which penetrate

: b in the Iateral walls as  the stratification; sp acrack
Fig. 25.—r Annular, s epiral channols, 2; and in the by which an inner system of
thickening of the walls of ves- farther wall as ronndish layers hasbecomeseparated,
Bels; r seen from ontside, s in spots, b, x 240. (Copied from Sachs.)
longitndinal section highly
magnified (Aiagrammatic).

face appear as warts, tubercles, knots, etc. (Fig. 24). Cells that
are united to form tissues have their inequalities on the internal
sEeraca of the cell-wall; the prominences sometimes have a defi-
nite form and project into the interior of the cell ; such are the
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These modifications may occur either singly or together in the
different layers of one cell-wall.

Mineral matfers are also frequently deposited during growth in
considerable quantity in the cell-wall, particularly salts of lime and
silica ; they are msually intercalated between the solid organic par-
ticles of the cell-wall, so that they cannot be directly detected, but
remain after burning as a skeleton which retains the form of the
cell. Silica is present in the stems of Grasses and of Eqguisetaces.
Calcinm carbonate sometimes oceurs in a crystallized form (as in
the epidermis of the Urtices), and calcium oxalate also in well-
defined crystals (§ 18, Fig. 34).

§ 13. The Protoplasm consists principally of albuminons sub-
stances (proteids), water, and a small proportion of ash constituents.
As it is the seat of all the vital phenomena and nutritive processes
of the cell, it must obviously contain within itself at different times
all the other chemical constituents of the organism. Sometimes it
appears homogeneous and transparent, but it is generally more or
less granular in consequence of the presence of drops of oil, of
starch grains, ete. It is of a tenacious consistence, sometimes firm,
sometimes almost fluid, but it is never a true fluid. When the
protoplasm encloses granules, an outer layer free from granules can
be detected, which is frequently very thin; this is called the ecto-
plasm, the inner granular portion being known as the endoplasim.
Frequently a part of the water which saturates it collects to form
vacuoles; when these coalesce and the cell-sap fills the greater part
of the cavity of the cells (Fig. 22 C ), the protoplasm forms merely
a layer within the cell-wall, which has been termed the primordial
utricle. Living protoplasm will neither absorb colouring matter
dissolved in water, nor allow its passage, but dead protoplasm has
1o power to hinder its diffusion, and even takes it up in considerable
quantity. 2

The nucleus, on account of its constitution and position, is essen-
tially a part of the protoplasm ; it is apparently wanting in certain
groups of lower plants (in some Fungi and Algm). It contains one
or more much smaller bodies called nuecleoli (Fig. 22 A & &).

The movements of the protoplasm are among the most remarkable
of phenomena. In many cells currents may be perceived which
flow from the nucleus outwards, towards the peripheral protoplasmic
%&}"er E:Uirml’miuﬂ-) # or the whole peripheral layer of protoplasm is
1n.mp1d movement along the walls of the cell (Rotation). Naked
primordial cells, as for instance, swarm-spores and antherozoids,
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which lie in a matrix of albuminous and fatty matter. These are
the Proteid- or Aleurone-grains. These granules consist of albu-
minons substances, and almost always enclose other bodies (Fig.
28 (); these are the above-mentioned erystalloids, and peculiar
small round bodies, the globoids, which consist of double phosphate
of lime and magnesia. These bodies may occur separately or together
in the alenrone-grains, according to the kind of plant. In seeds
which are rich in starch, the spaces between the large starch-grains
are filled with similar but much smaller granules (Fig. 29).

§ 16. Chlorophyll-corpuscles. The green colour of most
parts of plants is pro-
duced by the presence of
green granules, called
Chlorophyli-corpuscles, in
certain cells (Fig. 30).
These are composed of a
colourless  ground-sub-
stance, thronghout which
a small quantity of a
green colouring-matter
called Chlorophyll 1s dis-
tributed. If this colour-
ing-matter be extracted
by a solvent, such as al-
cohol, the colourless cor-
puscle remains unaltered
in size and form. The
corpuscles are always im-

bedded in protoplasm,and

o E . Fig. 30.—Chlorophyll-corpuecles in the protoplasm of
g uﬂ.li ?'ﬂhsta-llm? 15 the cells of the prothalliom of a Farn. A Optical section

only a specialised portion of the cells; B part of a cell seen from the surface.

of the protoplasm. The Some of the corpuscles have begun to divide.

corpuscles do not always occur in the form of granules; in some of
the lower Alge the whole of the protoplasm, with the exception of the
ectoplasm, is coloured green; in others, the colouved part of the proto-
plasm assumes a stellate form (Fig. 76 A), or it exists in plates (Fig.
76 B O) or spiral bands (Fig.40cl). These green-coloured portions
of the protoplasm are all included under the general term, chlorophyll-
corpuscles. Under the influence of sunlight starch-grains are formed
in the interior of these chlorophyll-corpuscles, which often grow so
large that the substance of the chlorophyll-corpuscle is only discern-
ible as an extremely delicate layer covering the contents (Fig. 31).
D
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cell-walls, is the result of the regular alternation of dense layers
with more watery layers. The hilum is the most watery portion of
the whole grain. From their first appearance the starch-grains are
firm, solid bodies. So long as they continue to grow, they are al-
ways connected with the protoplasm of the cell; it is only at a later
stage that they lie free in
the cavity of the cell. Their
growth does not proceed by
the deposition of new layers
upon the exterior, but by the
intercalation of new particles
of solid matter between those
which already exist. Besides
the simple grains (Fig. 32 4),
compound grains occur, which
are formed by the develop-
ment of new hila in an or-
dinagy grain, each with its
own system of layers (Fig.
42 D). Tf, in such a case, the
external layers which enclose
the whole mass are of con-
siderable thickness, the grain
is said to be semi-compound
(Fig. 32 B). By pressure
the compound grains may be

Sp]it up into their component Fia. 32. — Btarch-grains from the tuber of a
i Potato (x 800). 4 An older simple grain; B a

granules. The so-called Epu- partially compound grain; ¢ D perfectly com-

rinusly-cﬂmpcmud gra-ina are pound graing: E an older grain, the hilum of
very MnGlan b A which has divided: a a very young grain, b an
25 3 EY older grain, ¢ a still older grain with divided

consist of several grains which bilum. (Copied from Sachs.)

have become adherent in consequence of mutual pressure; they
oceur frequently in chlorophyll-corpuscles (Iig. 3l).  Starch-
grams are formed in plants to be subsequently consumed in the
processes of glﬂwﬁh and of nutrition ; they are frequently stored for
a long time in certain organs, as in seeds, roots, and tubers, and
when they are required for consumption on germination or on a
renewal of the growth of the plant, they are absorbed. The
forms of the starch-grains are characteristio in different kinds of
plants ; thus those of the Potato (Fig. 32) are eccentrically oval,
those of leguminous plants (Fig. 29) concentrically oval, those of
Rye, Wheat, and Barley lenticular,

Fo et .
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§ 20.] OHAPTER [.—THE CELL. 39
nuclei do not lie in one plane, but are arranged tetrahedrally. Cell-
walls are now formed, so that four special mother-cells are produced.
In the case of the pollen-grains of Dicotyledons, the wn.ll of ‘the
primary mother-cell thickens and grows inwards at certain points
(Fig. 36 D) so as to constrict the protoplasm sr::mewj_mi:, and the
newly-formed walls become attached to these projections. In all
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Fre. 38.—Zonsporangia of an Achlya ot ﬁ La Vg
ey

XEL

_ 1
(= 650). A Btill closed. B Allowing ‘ "
the zoospores to escape, beneath it a Frg. 39.—Cell-formation in the ascl of Pesiza
lateral shoot ¢; a the zoospores juet  converwla. o) Buoccessive steps in the develop.-
eecaped ; b the abandoned membranes ment of the asel and spores. (After Sachs,
of the zoospores which have already ® G50}
swarmed; ¢ swarming Z00Spores.
(Copied from Baghs.)

cases each of the four special mother-cells surrounds itself with a
proper wall which becomes the coat of the pollen-grain or of the spore.
b., The number of the nuclei derived by repeated division from the
nucleus of the mother-cell before any cell-wall is formed is indefinite.
Each of them becomes snrrounded by a portion of the protoplasm
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43 PART II.—THE ANATOMY OF PLANTS. [§ 25.

has not been added to by the activity of the cambium) consists of
the three following elements : :

(1.) True vessels (trachew, ducts) : they are formed from rows of
superimposed cells, the transverse walls of which have been more
or less absorbed. According to the mode in which their longi-

F~AY
‘ H z s i Mg B L
=0 "I"o ““"q#{-.i;‘!!'lil:*i‘ﬁﬁéﬁ.

@l 0] R ]
folt &Lﬂ"-}*‘

Fia. 47.—A transverse section of AT OPETL fibro-vagsenlar bundle in the stem of the Bon.
flower. M Pith. X Xylem. C Cambium. P Phloém. R Cortex; s sgmall, and & iargs
gpiral vessels; t pitted vessels; & pitted vessels in econrse of formation; kb wmﬁ!—ﬁ‘meui sh
sieve-tubes; b bast.fibres; ¢ bundle-sheath ; ic inter-faseipular cambium. B Badial vertical
section through a similar bundle (somewhat gimplified) lettered like the former.

tudinal walls have been thickened, they are distinguished as spiral,
reticulate, annular, scalariform, or pitted vessels (Fig. 47 B s s‘. and
Fig. 25 s) (Fig. 47 B ¢ ¥ and Fig. 23 (') : their contents are aiwr or

water.
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(2.) Much lengthened, narrow, prosenchymatous cells ; the wood-
cells or fibres (Fig. 47 B h and Fig. 23 B). 5
(3.) Parenchymatous ecells, forming the wﬂﬂd-}lm‘fmcﬁymﬂ, an
still containing protoplasm ; frequently they are wanting.

The bast in like manner consists of :

Fra. 48.—Transverse section of a closed fibro-vascular bundle from the stem of Zoa Mais
{x 550): a outer, { inner side with referenee to the axis of the stem; p parenchiymatons
ground-tissue; g ¢ two large pitted vessels; s spiral vessel; » ring of an annular vessel ;
1 air-space formed by rupture, surrounded by thin-walled wood.cells. Betwesn the two
vessels g g lie smaller reticulated vessels and vessels with bordered-pits. These slaments
constitute the xylem: the phloém is composed of soft bask, v. The whole bundie is sur-
rounded by a sheath of thick-walled, lignified, prosenchymatous calls belonging to tho

ground-tissue. (After Bachs.)
(1) Vascular elements, the sieve-tubes, which have thin side-

walls, but thick transverse septa, perforated by closely-set, open

canals; they are filled with albuminous substances (Fig. 47 B sb).

E







§ 25.] CHAPTER II.—THE TISSUES. 5l

The following deviations from this, which is the commonest ar-
rangement ({he collateral) of the phloém and xylem, as well as of
their constituents, may be mentioned :

In many plants, e.g, Gourds and Lycium, a second layer of
phloém is found within the xylem : in most Ferns the phloém com-
pletely encloses the xylem, forming a ring (concentric arrangement),
and several groups of spiral vessels lie within the xylem, from
which the development of the xylem
proceeds.

The fibro-vascular bundles of the
root differ most widely from the
structure above deseribed. It is, in
fact, impossible to speak of separate
bundles in the root; a cylindrical mass
of fibro-vascular bundles, sometimes
hollow and containing a pith, occupies
the axis of the root (Fig. 20). In
this, several xylem bundles are regn-
larly distributed (Fig. 49 4 g), and
alternating radially with them lie an
equal number of phloém bundles (Fig.
49 A b). In Dicotyledons the number
of these bundles is small, usunally 2, 3,
or 4, rarely 5 to 8; in the Monocoty-
ledons it is usually larger. In each
xylem bundle the spiral vessels, which
are here the oldest constituents, lie

, Fig. 40.—A Transverso soction of g
nearest to the periphery. The ex- young root of Phaseolus madtiforus;

ternal I&j-'ﬁl' of the fibro-vasenlayr #reortical fandamental tissue ;m pith;
z fibro-vascular cylinder; ‘g primary

eylinder is know ' ;
V. : own as the pf!rwr:mh’num, xylem bundles; b primary phloém
and remains for a long period capable bundles. B Transverse section of an

of dE‘li'Eln;] ment and g i older root of the same plant, which
P grow th. The is increpsing in thickness: b second-

rudiments of the lateral roots are arybast; k cork—slightly magnified.
usually formed from this pericam. (After Sachs)

bium in_ Phanerogams, exactly opposite to the xylem bundles
(except in Grasses and Umbellifers), but in Cryptogams (except
Equisetum) from cells of the endodermis; thus, irrespectively of
the adventitions roots which are formed later, there are as many
rows of lateral roots on a main root as there are xylem bundles
in j:he fibro-vasenlar mass. The lateral roots, in the course of
their development, have to penetrate the cortex of the mother-root
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tous ground-tissue in the stems of Liycopodiaces, ete.) of thin-walled
succulent parenchyma with intercellular spaces : the cells may con-
tain chlorophyll-corpuscles, as in the case of leaves and : of trhe
cortex of stems, or the tissue may be colourless, as in the interior
of suceulent stems, in roots, and in juicy fruits.

The chlorophyll-con- PREEEL " =7 Zged o _ b -5 ‘E'-"'-'
taining ground-tissue of = _;"HF F e E’ﬁs' g -J
le.swﬁs is usually of a ; '-;:J:Et,ﬂ "-%'i J'i :;g-__._
different texture at the B 5os e &.'.1_.-___ e
two surfaces of the leaf; Eus San e :%Eﬂ? 5
it is in consequence of 'i?‘-’; -.’-'.'P-ﬁ ;%ﬁ,fﬁ' -
this that the two sur- =3 ‘:'HE T N

: S R
faces differ somewhat in A ;1_'1 = Eaﬁi%{ Jele=—
colour. "; ' § fﬁ.ﬁ.ﬁl;@i L

The tissne of the upper : ; = i?&?? 8 T
surface consists princi- Gk ii:‘h ‘,.'-;-?6 f""* :=..1 E?‘g -
pally of pallisads paren- ';.'.-‘_'i,-'._:'__"-"g-ﬂi_ "&{f_& 1{1.'.:&1{:_ -.~* :
chyma, that is, of narrow, %:’ifﬁ“ﬁf’é'ﬁ #‘-%:. .l =
elongated cells, arranged i ""-'-"7';'.‘-.,"':?}'%-?' 55 BN~ (98E

. e N Boeea o b 47 aegl A e
perpendicularly to the Bt | 3.?,:51;:}, AR
surface and having very j.:é - R :ﬁ%‘g@, ; E
small intercellular spaces P LS e J;_G."'-‘SH" X

; . @Ay |\ Seh | LTSImO
(Fig. 56 pa) ; the paren- o Rt e AYyEes Ve
chyma of the under sur- fi' M ‘% 7, ,ﬁ& .;_:E -t
face, on the contrary, the = ¥ ‘%m?aﬁ%{ ";ﬁ-. =
spongy parvenchyma, is  KF :" : o R =3 my S

formed of cells which are
irregularly arranged, and
are separated by large
intercellular spaces (Fig.
o6 ap).

The cells of the pith of
woody plants generally 55 ~
all die, as in Sambucus & " 7

| ; [
(Elder), or at any rate Fia.57.—Laticiforous vessels in the phlofm of Scor-
most of them do so. sonera hispanica, tangential section. 4 Blightly magni-

fied. B A small portion highly magnified. (After
Sclerenchymatous cells gachs)

occur in the most different parts of the fundamental tissue; they
may be isolated, as, for instance, in the flesh of Pears and in the
cortical parenchyma of many trees, or united to form a considerable
mass of sclerenchymatous tissue, as in the shell of many fruits, as
the hazel-nut, and the stone of others, as the plum.
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which, as their points break very easily, enters the object tonching
them.

The Glands, the seoreting organs of the epidermis, are peculiar in
that the secretion (which is usually of a sticky nature) makes its
appearance in the substance of the cell-wall under the cuticle: it
causes the cuticle to separate from the remainder of the cell-wall,
and finally ruptures it.  Secretion takes place frequently over the
general surface of the epidermis, as in young twigs of the Birch, or
over certain circumseribed arveas of it, as the teeth of the leaves of
Prunus, Salix, and other plants, and the nectaries of flowers, or at
the apex of glandular hairs, as in Primula sinensis: the colleters
which clothe the young organs in the winter-buds of trees, and
which cover the unfolding leaves with their secretion, are also
glandular hairs of this kind. Digestive glands, which secrete a
fluid capable of dissolving various foreign bodies, are peculiar to
certain plants; they are found in the “tentacles” of Drosera, etc.
(Fig. 72). ;

In those parts of
plants which grow in
thickness, such as the
stems and branches

of trees, the tubers }
of the Potato, and p L
napiform roots, the .

epidermis is usually L ( —

unable to keep pace = E ) !L t'_.

with the increase of : T — | =~
the circumference, : 3 e ; E
and it ruptures: a
new protective tissue
is usnally formed
from the cortical
fundamental tissue, gy, gs.—Gork of oneyear's shoot of Ailantius glandulosa

which is termed the Ft!nﬂl. sect. x 360); ¢ the dead epidermis, k cork cells, the
Cork or Peridery. ‘“uerlayers meristematic (phellogen); r primary cortex.

This consists of tabular cells arranged in rows perpendicularly to

the circumference of the organ: their walls are converted into cork,

and are scarcely permeable to water: they usnally contain nothing

but air (Fig. 63 k). The cork-cells are formed by tangential divi-

sions taking place in the cells of a special meristem, the Phellogen,

and lie externally to it: frequently parenchymatous cells containing
F
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§ 34.] CHAPTER I.—CHEMICAL PROCESSES IN PLANTS. 75

be no longer observable. Of the different rays which compose the
solar spectrum, the least refrangible, and particularly the yellow
rays, have the most effect in promoting this process. The organs
which are adapted for the performance of this function arve those
which are rich in chlorophyll, particularly the foliage leaves.

No earbon is assimilated by green plants in any other way ; ox-
cepting this particular process, there is no instance in all nature of
the conversion of carbonic acid into organic compounds which con-
tain a smaller proportion of oxygen; hence all carbon, even that
contained in the organic compounds of the animal body, is derived
from the carbonie acid decomposed in the chlorophyll-corpusecles.

A number of plants which are not furnished with ehlorophyll—
for instance, all Fungi and a few of the higher plants, as the
Dodder (Cuscuta), Orobanche, and Monotropa—are unable, in con-
sequence of its absence, to decompose ecarbonic acid; hence they
are compelled to derive their organic compounds directly from
other living plants, or from the decomposing remains of other organ-
isms (humus) : in the former case they are said to be parasifes
(e.g., Cusenta, Orobanche) ; in the latter they are called saprophytes
(¢.g., Mushrooms, Neottia, Monotropa, etc.).

§ 34. Metabolism. The substance formed in the chlorophyll-
corpuscles—that is, starch, in the majority of plants—constitutes
the raw material from which all the other organic substances of
the whole plant are elaborated. In this process of elaboration,
the combined nitrogen and the inorganic substances absorbed from
the soil, and the oxygen taken up from the atmosphere, are also
concerned. The starch-grains (or their physiological equivalent)
are continually being absorbed and removed from the chlorophyll-
corpuscles. Under normal vital conditions, when the plant is
exposed to the light, the formation of starch is in excess of the {m-
mediate consumption, so that starch-grains are always to be found
in chlorophyll-corpuseles ; but if the plant be placed in the dark,
the starch-grains gradually disappear.

Of all t.llm substances which are elaborated in the plant, those are
the most important which contribute to form the substance of the
cell-walls and of the protoplasm ; they are spoken of as plastic
substances.

The cell-walls consist of cellulose, CgHy 0. Tthasbeen shown that
Starch, Sugar, and Inulin, which have a similar chemical constitution,
as well as fatty matters, all serve as material for the formation of
cellulose, and are thus the plastic substances for the cell-walls.
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seed of the Tobacco germinates in the dark, only a miﬂ“tﬁ_ﬂee‘iliﬂg
is developed, while a potato tuber or a beet-root can nourish large
plants. \

The plastic substances which are stored up as rcs.ewe-ma,terml
undergo a series of changes before they attain their final fnrrr_z,
which may be cellulose, or the proteid of protoplasm. The plastic
materials for the cell-walls, whether they are deposited as starch,
cane-sugar, inulin, fatty oils, or cellulose, are always in part
changed into grape-sugar, which is conveyed in solution throngh
the parenchymatous cells by diffusion to the spot where it is to be
utilized,—that is, to the place where the new cells are being formed.
Very frequently a temporary deposition of it in the form of starch
occurs in the conducting tissues, more particularly in the bundle-
sheaths.

The intérmediate forms assumed by the albuminous reserve-sub-
stances are but little known. These substances appear generally to
travel slowly through the thin-walled elongated cells of the phloém,
but in some plants asparagin appears as an intermediate form,
which travels through the parenchymatous tissue.

The starch of the chlorophyll-corpuscles is conducted, in the same
way as the starch of the reservoirs of nutriment, to the spot where
it is to be utilized, partly in promoting the growth of the new
organs, and partly in being stored up in one of the depositories in
the form of one of the above-mentioned substances.

A great number of compounds of carbon occur in plants, which
stand in no direct relation to the development of new cells; they
are the by-products of metabolism, which are formed partly as an
inevitable result of the various changes effected in the different
plastic substances, and partly also in connection with the perform-
ance of functions which are at present in great measure unknown.
Among these by-products are Tannin, Colouring matters, Acids,
Alkaloids, Volatile QOils, etc. They also are formed from the re-
serve-materials, which are therefore never entirely consumed in the
construetion of new organs.

Finally, the products of degradation are the last terms of the
series of changes expressed by the word metabolism. They can
nndergo no forther modification in the urgunism,' and they have
been formed from its organized constituents. To these belong most
kinds of gnm. In Gum Tragacanth, which is excreted by many
species of Astragalus, the organization of the cell-walls is plainly
perceptible; they have become capable of swelling-up enormonsly ;
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from 30° to 45°% and that they wholly cease at about 50°. In plants
of warmer climates the lower limit is considerably higher; thus a
Gourd seed will not germinate at a temperature below 13° C.
Death, cansed by exposure to too high a temperature, is affected
by the presence of water; thus, while dry peas lose their germinating
power only after exposure for an hour to a temperature of over 70°
C., they are killed at a temperature of 54° if they are saturated
with water. Most parts of plants will not bear a higher temperature
than about 50° C. in air or 45° C. in water for any length of time.
The freezing of plants, that is, their injury or death by cold, only
occurs if the temperature of the plant falls some degrees (in some
cases even many degrees) below the freezing-point, and if at the
same time the plant is in a condition to become frozen. Many plants
are not killed by frost, such as Lichens and many Mosses and
Fungi; just those plants which can also bear drying up without
suffering any damage. The dry parts of plants in general, most
seeds, for instance, and the winter-buds of trees, are not at all sen-
sitive to cold, whereas, if they contain a considerable quantity of
water, as is the case when buds are in process of development and
in succulent parts of plants, they frecze
very readily. If an organ containing
much water be exposed to cold, a cer-
tain quantity of water, proportionate
to the depression of the temperature,
escapes from the cells and freezes on
their surfaces, and the tissues contract
in proportion; the water does not freeze
inside the cells. The frozen water
forms an incrustation npon the cells (K oy, P G
Fig. 73)of distinct crystalslying parallel frozen leat-stalk of Cynara Seolymais :
to each other consisting of almost pure gEenzioisd spjdesmis gp thapiren
; ymt 10 which lie the transverse
1ce, for the substances held in solution sestions of the fibro-vascular hundles
by the water are retained by the re- (ef white). The incrustation of ice
e ; (K K) consisting of densely-crowded
maining cell-sap, which becomes there- prisms (the cavities of the ruptured
fore more concentrated. It is certain tissucare lefe black in the figure).
that a great many plants are not injured by this formation of ice
in itself, for, if the thaw is slow, the cells reabsorb the water and
return to their normal condition. But if the thaw is effected very
quickly, the large quantity of water which is suddenly formed
cannot be absorbed with sufficient rapidity by the cells, and it
collects in the intercellular Spaces: it either induces decay in the
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tissne ; it often attains gigantic dimensions, and appears to branch
dichotomously. The cell-walls are very mucilaginous. Some are
provided with large cavities filled with air (Fig. 79 ), by means of
which they are enabled to float.

The reproductive organs are borne by certain branches of the
thallus (Fig. 79). They are developed in peculiar depressions of
the surface, the conceptacles. The antherozoids are formed in certain
cells termed antheridia, and the oospheres in certain cells termed
oogonia. The oospheres are extruded from the cogonia and are
then fertilised by the antherozoids. The cospore at once developes
into a new individual.

The different species of Fucus and of Laminaria are typical
representatives of this order.

6. The StrHONEX are unicellular, but the tubular cells are large
and much branched. The different species of Vaucheria (Fig. 80)

Fia. 5"::.:-'["!:1:-‘:&”1!1 sessilis (x 30). A sp A newly-formed zoospore. B A resting zon-
:gﬁ;n. : The commencoment, I gnd E mord advanced stages of germination: Aj
pore; & apex of the green filament; w its colourless part anawering to a I:QJGI.‘.-.

F Tubular cell with sexual . i - ca
(After Sachs) OTgans ; of ocgonium ; k antheridinm shortly after fertilisption.

are frequently found in springs, in wells, and on damp soil, in large
dark-green patches. Zonospores are developed in EI]E:I:illl cells
?ﬂrmed by the cutting off, by means of septa, of some of the branch-
ings of the main cell (Fig. 80 4). Sexual reproduction is
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effected by antheridia and oogonia.
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The antheridia are cells,

usnally curved into a hook-shape, which are developed as lateral

branches.

Within them the antherozoids, which are subsequently

discharged, are formed. The cogzonia are spherical cells, developed

Fra. 81.—d (Edogoniwm caliahem = 250). A AMidadle part
of a sexual filament with two oogonia (og) fertilised by the
dwarf male plants {m), developed from zoospores formed
in the cell m at the upper part of the filament. B Dogo-
ninm at the moment of fortilisation; o the oosphere ; of tha
cogonium ; 2 the antherozmnd in the act of forcing ite way
in; m dwarf male plant. € Ripe oospore. D Piece of the
male filament of (Ed. gemelliparum, = antherozoids, E
PBranch of a Bulbochaztle, with one cogoninm gtilleontaining
a spore, another in the act of allowing it to escape ; in the
lower part an empty cogenium. FThe four zoospores
formed from an oospore. G Zoospore from An OOSpOore
coma to resk.  (After Pringsheim.)

close to the antheridia,
in which the oosphere
is formed by rejuven-
escence (Fig. 80 F, og).
After fertilisation the
oosphere becomes sur-
rounded by a proper
membrane, and is then
known as the oospore.
Whether or not the very
large forms found in the
sea, e.g., Caunlerpa, con-
sisting of a single mueh-
branched cell, really be-
long to this order, is at
present uncertain, for
their reproduction has
not been fully investi-
gated as yet.

The order of the Si-
phonex appears to be
more closely allied to
the Saprolegnies (Fun-
gi) than to the other
Algee.

7. The VouLvOCINEE,
as represented by the
genus  Volvox, are
closely allied in their
structure to the Zoo-
sporee which live in
colonies ; the colony
here takes the form of
a hollow sphere. Fer-
tilisation is, however,

not effected by the conjugation of zoospores; but the oosphere,
which is stationary, is fertilised by antherozoids.
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hﬂﬂn 1 e " 1 1 1 . 5
ring a sporangium quite similar to those borne by the ordinary
mycelinm.

4. The CEH"L‘EEH:III.-'LCE;E are among the lowest of the Phycomycetes.
Some of them consist of a single spherical or oval cell, which itself
becomes a sporanginm, its protoplasm giving rise to a number of
L . T i
zoospores. When one of these zoospores comes to rest, it assumes
the spherical form. Conjugation of both motile and stationary cells
has been observed in members of this Order, the former in Poly-

Fra. 83— Part of a plasmodium of Didymiwm leucopus (x 300). B A closed sporanginm
of Areyria incarnata. € The same after the ruptare of ita walls (p) and expansion of the
capillitium op (x 20). (After Sachs.)

phagus and Zygochytrium, the latter in Tetrachytrinm. These
forms live in water either as saprophytes, or as parasites mupon
aquatic plants. The genus Synchytrium includes forms which are
parasitic upon land-plants, guch as Anemone and Taraxacum: in
these the single cell gives rise to several sporangia.

5. Myxomyceres. In the mode of development of their spores
these plants resemble the Zygomycetes, but in their structure they
differ widely from all other Fungi. In the vegetative condition
they do not consist of cells or tissues, but they are simply masses
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tufts of branched hyph®, on which the conidia are formed in rows fFig.ﬁl}: I‘n
this stage it oceurs as a greenish grey film covering the substratum on Wh.llﬁh it
grows, such as moist damp substances and fluids of all kinds. The fructifica-
tion, only lately discovered, is as large as a pin's head and consists of & mass of
psendo-parenchymatons tissue which is
traversed and absorbed by the ascogenous
hyphe with the exception of the most
external layer which remains as a wall.

(b) The Tuberacee, or Truffles,
have an nnderground, more or less
spherical, completely closed perithe-
cium, in which the hymenia bearing
the asci line the surface of labyrinth- i
ine passages throngh the mass. The

sexual organs and any other organs i
of reproduction are not known, ) S
Tuber @stivum, brumale, and other /

Species are eatable, and are known g F1e. 91.—Fertile hypha of Penicillium
Tqu% 3 Eia-phmnym‘ss granulatus, about glaucum. s The rows of conidia ; m part of
the size of a walnut, is not rare. a hypha of the mycelinm | x 150).

(¢) Pyrenomycetes. The hymenium lines the inner surface of
flask-shaped or spherical receptacles, the perithecia (Fig. 92 0, cp),
which open at the apex. These perithecia ocenrg singly or in great
numbers on a peculiarly constructed body, the stroma.

Among the simple forms with solitary perithecia must be mentioned the
genera Spheria and Sphmrella, many species of which appear on dead leaves ag
black spots; Calosphmria, which forms its long slender perithecia in groups
on the wood and bark of cherry-trees ; Pleospora and Fumago, of which the
mycelium and conidia constitute the hlack film known as Smut, which oceurs
on various parts of plants,

In the compound forms, those, that i8, which have a stroma, the atroma
forms warty inerustations or patches of irregular outline, which have a punec-
tuated appearance owing to the numerons openings of the perithecia ; Diatrype
disciformis, which forms black warts as large as peas, belongs to this group,
it is very common on dead boughs; also Nectria cinnabarinag, which has a
bright red stroma, and oceurs on many kinds of dead wood ; Nectria ditissima
causes a disease on the branches of Beech-trees. In other cases the stroma
developes into an upright club-shaped or branched tufted body, like the stromata
of Xylaria, for instance, which ogeur very frequently on the trunks of trees ;
the conidia often appear as a mealy dust on the upper portion.  Claviceps
purpurea, known as Ergot, or officinally as Seeale cornutum, also belongs here,
The myecelium of this fungus covers the young ovaries of the Rye or other
cereals which it attacks, and bears conidia which are imbedded in a mucilaginous
substance, forming what is known as Honey-dew. By means of these, other
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To this group belong the various species of Usnea (Fig. 96 4), and allied
genera with a cylindrical thallus, which grow on trees. Roceella tinctoria
grows on rocks in regions bordering on the Mediterranean ; from it and other
allied Lichens litmus is prepared. Ramalina and Evernia, with a ribbon-shaped
flattened thallus, oceur on trees and wooden fences; Cetraria islandica is the
Tceland Moss, which forms a muecilaginous fluid when boiled with water.
Anaptychia ciliaris, which regembles the foliaceous Lichens, with a flattened
thallus, is common on the trunks of trees. Cladonia has a scaly decumbent
thallus, from which erect branches spring bearing the apothecia: Cladonic

Fia. 06.—4 A fraticose Lichen, Usnea barbata, with apothecin, &. B A folinceous Lichen,
Sticta pulmonacea, with apothecia, a (nat, size). (After Sachs.)

fimbriata is common; Cladonia rangiferina, the Rein-deer Moss, occurs on
moors: Spharophorus has the same external appearance, but it is pPyreno-
CArpous.

(b) Foliaceous Lichens. The thallus is flattened and adheres to
the substratum: the green (rarely bluish-green) gonidia form a

single layer beneath the upper surface (Fig. 94 Th '
: : £ i
the thallus is usunally lobed. e gk

Parmelia parietina occurs, with its bright yellow thallus, bearing apothecia, on
tree trunks E}ud walls, together with other species of a grey colour. Sticta ;Im!.
monacea {F:lg: 96 B), has a reticulated yellowish thallus, and grows on tree-
?.I'utlliﬂ-. Peltigera is represented by several species which grow on mossy banks
in woods : the apothecia are borne on the margin of the lobes of the thallus.
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Umbilicaria and Gyrophora, of a dark eolour, grow on silicions rocks. Endo-

carpon has a grey thallus with numerons small perithecia, which appear as black
dots: it grows on rocks.

(¢) Orustaceous Lichens. The thallus is usually indefinite in
outline, and can often be scarcely distingunished from the sub-
stratum, the fructification alone being conspicuous.

The numerous species and genera are classified according to the size and form
of the spores and to the structure of the fructifieation.

(a) Discocarpi: the apothecium is
surrounded by an outgrowth of the
thallus, and in the Lecanorem it is
at first entirely enclosed by it, e.g.,
Leeanora subfusca, common on the
trunks of trees: in the Lecideacem it
is swrrounded by a ridge, but is never
enclosed; to this group belong the
common Bugllie parasema, oceurring
on tree-trunks, Rhizocarpon gengra-
phicum, which forms bright yellow
incrustations of often emormous ex-
tent on silicious rocks. The apo-
thecia are irregular, sometimes linear
in form (Fig. 97 4 B) among the
Graphides, the gonidia of which are
the red eells of Chroolepus : Graphis
seripta is common on the trunks of
Beeches. The small Calicies, which
are common on bark, on wooden
Fra. 87. — Crustaceons Lichens. 4 and B fences, ete., have stalked apothecia,

Graphis elegans. B Blightly magnified. C Por- 55 glgo the Biomyces (without any
tusaric Wulfemi, gslightly magnified. (After
Sachs.)

ridge) : Baomyces roseus is ecommon
on sandy soil.

(b) Pyrenocarpi. The perithecia are imbedded in outgrowths of the thallus,
either singly or several together, as (Fig. 97 C) in Pertusaria : they project from
the thallus, and are provided with a special black investment in the Verrucaries.

Many species of erustaceous Lichens inhabit the highest peaks of the Alps, on
which no other vegetation is to be seen, and they contribute materially to the
weathering of the rocks. When they grow on the trunks of trees, they occur
more especially upon those which have a smooth surface: the formation of
bark interferes with their growth.

() Homoiomerous Lichens. The gonidia belong to the Phyco-
chromacee: the thallus is usunally lobed, of a dark colour, more or
less gelatinous, sometimes filamentous.

The latter is the case in Ephebe, which consists essentially of a filamentons
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Alga (Sirosiphon) surrounded by hypha. Collema is gelatinous (Fig. 98); 1t
grows on moist earth and on rocks.

10. The UsTILAGINEE are parasitic in
the tissues of the higher plants. Their
spores ave formed from the protoplasmic
contents of cells of the hyphe, the walls
of which become muecilaginous, and are
usnally of a black colour. These cells
occur in great numbers in those parts of
the host, usually the reproductive organs, rig, 95 —A gelatinous Lichen,
which are permeated by the mycelinm. Colloma pulposum, slightly mag-

F - nifiad. (After Sachs.)
Several species infest our Cereals, and
. the seeds become filled with spores. The spores germinate at the
same time as the sound seeds, producing a promycelinm which
bears small cells, sporidia; when these germinate their mycelinm
penetrates the young plants and extends into the flowers, where
a fresh formation of spores takes place.

The most important and the most common species are Ustilago Carbo, which
especially attacks Oats, but other Cerealz and Grasses as well: U. Maidis,
which produces large tumounrs in the Maize, filled with spores; Urocystis
occulta, which fructifies in the leaves and haulms of the Rye : Tilletia caries,
the smut of Wheat; this is dangerous becaunse the grains filled with spores
remain closed, and arve therefore harvested with the sound ones. Many other
species and genera infest wild planta.

11. The UREDINEZ, or Kusfs, are also parasites: their mycelinm
inhabits the cells of various kinds of plants and usually bears
several kinds of reproductive cells. In most of them small fructi-
fications, termed wmecidia, are borne by the mycelium, formed
probably in consequence of the fertilisation of female organs by
spermatia (Fig. 99 I. o and 4). They project from the surface of
the infested plant as small cups; the interior is covered towards
the base by a layer of basidia, on each of which there is a row of
xcidiospores, generally of a red colour, which have been formed by
abstriction: the investment of the fructification is formed by the
peripheral rows of wcidiospores, which are sterile and which have
become coherent. Besides these wmcidia, and generally associated
with them, are found the spermogonia (Fig. 99 T sp) in which the
spermatia are developed ; in addition to these—but generally at a
different season of the year—two other forms of reproductive cells
occur, which are abstricted from their basidia singly and not in
rows, and the basidia bearing them do not form a definite hymenial
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layer, but irregular groups, which break through the epidermis of
the host. These cells, which correspond to the conidia of other Fungi,
are, firstly, the uredospores, or © summer-spores ” (formerly regarded
as a distinct genus and called Uredo (Fig. 99 IIT ur); they are
always one-celled, usually of a ved colour, and they germinate
without any period of quiescence, by the protrusion of an ordinary

i i f aleaf of Berberis, with meidia (a);
. B9 —Puccinia graminis. I Transverss section o :
t.Irl;:: wall of the meidia ; w lower, o upper surface of the leaf, which has become thi:'.‘mnq-:
:t u y in congequence of the presence of the parasite; unIt.hn “FFE;H::M;T;EE?DDEG
idi t. II Layer o entos
. A young meidiom which has not yet burs

:ﬁi o:ﬁitf:umgrapm; ¢ itz epidermis. IIT Part of & layer of uredospores on the same

plant; ur the uredospores ; t a teleutospore. (After Sachs.)

mycelial hypha: by means of these the :pa,rasite 18 cnnveyeddtn
other individuals, on which in a few days 1t pr&dufes.fresh ure D:_.
spores. Secondly, there are the teleutospores, or W‘lnt-er-sp;r;s,'
which are mostly black and often many-celled (Fig. 99 IITt and IT);
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they are formed in many species only in the autumn, and persist
during the winter, germinating subsequently in a peculiar manner.
The hypha produced from the spore, the promycelium, divides into
" four cells, from each of which a minute cell, called a sporidium, is
abstricted, which finds its way to a host. These various forms of
reproductive cells usually alternate; thus the mycelinm developed
from the meidiospores produces uredospores, and the mycelinm
that proceeds from these (often after several uredospore-bearing
generations have intervened) produces teleutospores; from these
sporidia are developed, which, when they germinate, give rise to a
mycelinm producing mcidia. In many species lheteraecism takes
place ; that is, that this variety of form of the reproductive cells is
connected with a change of hosts. All species, however, have not
so great a variety of spore-forms. Some Uredines are known in
- which the @cidiospores produce ecidia, and others in which the
telentospores produce a mycelinm bearing teleutospores. In other
cases there are grounds for assuming that their life-history is at
present but imperfectly known. They fall into the following

natural subdivisions:

(2) Pucciniece. The teleutospores are one or more-celled on solitary free
stalks; meidia and uredospores are also commonly found. To the genus Pue-
cinia, with a two-celled teleutospore, belongs Puccinia graminis (Fig. 99), the
Rust of Wheat; the uredospores (formerly called Uredo linearis) form red
streaks om the leaves and haulms of cereals and grasses; in the antumn the
teleutospores appear in similar streaks, but they are black ; these germinate in
the following spring exclusively on the leaves of Berberis where the meidia
appear in red swollen patches (formerly known as Aicidium Berberidis); the
seidiospores are conveyed to Grasses, and there give rise to a mycelium with
uredospores, the Rust. The same processes take place in P. straminis, the
meidia of kwhjcha.mfnrme& on Borages; and P. coronata, the meidia of which
are formed on Rhamnus. These three forms of Rust cannot grow on Grasses
unless their meidia have been previously produced in the gpring ; hence their
appearance depends on the presence of plants which are suitable for the develop-
ment of the mcidia. Of P. Malvacearum, only the telentospores are known ; they
are constantly reproduced from the mycelium which they form, so that no
alternation occurs. P. Compositarum has all these different kinds of spores, and
produces them on the same host. Uromyees differs from Puccinia only in having
on‘a-celiad telentospores ; U. Bete is the Rust which grows on the Beetroot :—to
this genus the cidium may probably be referred which is formed in the leaves -
of Euphorbia Cyparissias (probably to U. Pisi, the rust of the FPapilionacem, or
to U. scutellatus, that of the Euphorbim), and ecauses a conspicuous enlargement
;:] then:t;]_ The ﬁ;idium-m;t]:]a]ium is perennial in the rhizome of the Spurge.

ragmidium, with many-celled tel i
o P otlj::nrs. eutospores, is commeon on the leaves of the

(b) Gymnosporangiee. The teleutospores are two-celled, on stalks which are
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1. Thelephoree ; the surface bearing the hymenium is extended over the
substratum as a crust, or else forms the smooth under-surface of a hat-shaped
fructification. The simplest form is Erobasidium Vaecinii, which is parasitic
on the leaves of the Red Whortleberry, and very commonly covers them with a
whitish crust. Corticium forms crusts on the bark of trees; Btereum has a
hat-shaped fruetification which, when seen from above, bears some resemblance
to various speciez of Polyporus, but it has a smooth hymenial surface; it is
common on trunks of trees, palings, etc.

2. Clavariee. The hymenium clothes the smooth surface of the fructifica-
tion, which is eylindrical, or club-shaped, and often branched. The genus
Clavaria has many species; C. flava has a sulphur-yellow, eoral-like fructifica-
tion which is edible (Fig. 101 4).

{T" il

|
il

|
Fig, 101.—4 Branch of Clavaria flava (nat. gize). B Froctifieation of Hydnum imbrdeatum ;
st prickles ; s scales of the upper surface (t nat. size). O Longitndinal section through the
fructification of o Polyporus; p the tubes clothed with the hymeninm ; the tubes show on
the onder surfnce as pores (§ nat, size)

8. Hydnee. The hymenium covers prickly projections of the fructification,
which is either a crust or is hat-shaped, and is either attached Ial:ara.ll:',r or
stalked. Hydnum imbricatum is eatable: other species have a fleshy pileus
with a central stipe (Fig. 101 B). :

4, Polyporee. The hymenium clothes the inner surface of tubes, :w]:ucl: are
gither free or, more often, connected into a layer which covers a portion of the
fruetification. The fructification of Polyporus and Tramefes is geuam!ly
attached laterally, and often of a horse-shoe shape (Fig. 101 €). P. fﬂ'mm:.itanus
ig used in the preparation of what is known in England as German tinder;
P. officinalis is used in medicine as Fungus Laricis; the mycelium of Trametes
Pini attacks the heart-wood of Pines and makes them deeay; T.. md:’ciperda
ocenrs in the roots and lower part of the trunk of Spruces and Pines, causing
their destruction. Dwmdalea occurs on old oaks; its tubes anastomose fmd form
a labyrinth. The mycelium of Merulius lacrimans penetrates the tlmhffl'ﬂ of
houses and canses them to decay (Dry Rot). Boletus has a fleshy stalked pileus,
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from which tho hymenial layer may be easily separated. Boletus edulis and
scaber are edible; B. Satanas and others are poisonouns.

5. Agaricine. The hymenium clothes special lamelliform ontgrowths -::‘i the
fructification, which commonly assumes the form of a stalked or sessile pileus.
The stalked forms are either naked from the first, or they are enclosed at an
early stage in an investment which remains after the full development of the
fructification as an appendage of one form or another. An investment which
at first surrounds the whole pileus and stipe, and, at maturity, surrounds the
base of the stips like a B
sheath, as in Amanita, is
called a velum universale
(Fig. 102 4 B v): while a
velum partiale only covers
the under surface of the
pilens where the lamellm are
borne, and when this is
fully developed it is repre-
sented only by fragments
banging from the margin or
forming a ring round the
stipe (Fig. 102 C a), e.g.,
Agaricus campestris and
procerus ; in the Fly-toad-
gtool, Amanita muscarius,

Fig.102.—A4 Early stage in the development of the
] fructifieation of Agaricus voginalus: » the velnm nniver-
both kinds of velum are q1o. o the stipe; h the pilens; | thelamellm. B A some-
present together. Besides what later stage; v the ruptured velum., ¢ Agaricus
these conspicuous characters mellous: m the mycelinm; a the ring formed by the velum

the colour of the conidia iy Partiale (¥ nat. size).

also of importance for distinguishing the species; this is easily discovered by
laying the fructification on white or black paper, which becomes covered with
the conidia which fall out very readily.

The great genus Agaricns (the lamellated Fungi) has lately been subdivided
into several genera, In Coprinus the fruetification very soon undergoes dis-
integration, forming & black shiny fluid ; Lactarius contains milky juice (latex).
In Cantharellus the lamell® are prolonged down the stipe. Of edible species
the following may be named: Cantharellus cibarius, Lactarius deliciosus,
Agaricus campestris, the Mushroom, 4. procerus, distingnished by a moveable
ring, and 4. Cesareus : the poisonous species are Lactarius torminosus and
:{yari'eus or Amanita muscarius. A. melleus has a peculiar mycelinm, matted
into strong shining black cords, formerly regarded as the genus Rhizomorpha,
which lives in the bark of trees and kills young Conifers, particularly Spruces
and Pines; it gives off subterranean branches which attack the roots.

The froctification of other species is of a hard leathery or woody consistency ;
these live commonly on old wood; such are Panus, with a small pilens
monnted on an eccentric stipe ; Lenzites, where the pileus is lateral and sessile;

Marasmius, the elegant pilei of which are often seen on the leaves of Conifers
which have fallen off.

(¢) Gastromycetes. In these, as the name suggests, the hymenium
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physes. The second or spore-forming generation (s

the sporogoninum, is immediately dﬂilcﬁ]ed from t(hgnzzglt:;?::e?i
?usphera. The base of the sporogonium penetrates more or less
into the tissue of the Moss-plant, and is even nourished by it, but
the cells of the two generations are not in organic ccune::tiun

Frg. 104. — Funaria hygromebrica. A
Longitudinal section of the summit of a
weak female plant ( x 100) ; a archegonia; Fig. 105.—Funaria hygrometrica. 4 Origin of
b leaves. B An archegonium (x 650); the sporogonium {ff) in the wentral portion
b ventral portion with the oosphere; (&t ®) of the archegonium (longitndinal section
neck ; m mouth still closed ; the cells of = 500). B O Different further stages of de-
the axial row are beginning to be con-  velopment of the sporogonium (f) and of the
verted into mucilage. C The part near  calyptra {¢); b neck of the archegonium (x
the mouth of the neck of o fertilised  about 40).
archegonium with dark red cell-walls.

{After Sachs.}

with each other. The wall of the archegonium, within which the
development of the oospore into the sporogonium proceeds, con-
tinues to grow for some time, and surrounds the young sporogonium,
when it is called the calyptra (Fig. 105 ¢ k). At a later stage it ig
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Gymnostomum, are they wholly wanting. The calyptra is elevated
by the grnwth of the capsule and covers its apex like a cap; the
capsule is generally elongated.

The leaves, which consist of a single layer of cells, are traversed
by a many-layered midrib in many species.

Some of the genera bear the female flowers and, consequently, at
a later stage the capsules also, on the apex of the main stems;
others bear them on short lateral branches ; althongh this difference
nf position cannot be regarded as an important systematic distine-
bion, 1t may serve as an indication of allied forms. Thus the Bryinm
may be divided into :

(a) Acrocarpi, bearing the archegonia at the apex of the stem;
the capsules, however, often appear as if
they had been borne upon lateral shoots,
for lateral shoots develope later and dis-
place the main stem to one side.

Dicranum scoparium, with sickle-shaped leaves,
is common in woods. Leucobryum glawcum has
leaves consisting of several layers of cells, which
resemble those of Sphagnum in their strueture; it
occurs in Pine-woods and on moors. Ceratodon
purpureus, with & red seta and a short stem,
is very common in varions loealities. Rarbula
muralis grows in patches on walls and rocks;
the midrib of the leaves is prolonged into a
hair, so that the patches of Moss look greyish.
Tetraphis peliucida bas bright green leaves; it
grows on decayed tree-trunks, and bears gemmes
of peenliar form. Grimmia pulvinate oceurs in
round greyish-green patches; the capsules have
very short setm. Orthotrichum speciosum and
other species have also shortly-stalked capsules,
and are common on trees, Funaria hygrometrica
(Fig. 112) has an obligue, pear-shaped capsule; the
long set® have the peculiarity of contracting into
a spiral on being wetted and dried; it is common
on walls and paths. Polytrichum formosum (Fig.
s A e 114) and other species are the largest of our
tﬂ'chu;n ﬁ'rmm {aab nize). er indigenous acrocarpous Mosses; they have large

: dark green leaves and long hairy calyptre, and are

the capsnle; = the seta; ¢ ea-
lyptra. common in woods and on heaths.

(b) Pleurocarpi. The archegonia, and subsequently the capsules,
are borne on special lateral branches,
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Order 2. SELAGINELLEE.

The spores are of two kinds; the wmacrosporangia each contain four
macrospores, the microsporangia, a great number of microspores ; both
forms of sporangia are situated n the axils of the leaves. The pro-
thallia are small and project but little from the spores. The stem
grows considerably in length and bears numerous short leaves.

The genus Selaginella has some external resemblance to Liycopo-
dinm; the stem branches dichotomously, but always in the same
plane, and often forms ahighly complicated branch-system. Insome
species the stem creeps on the ground, in others it is upright and
even shrubby. The internodes ave short, and bear short somewhat
rounded leaves, which are usually inserted in four rows and have
different forms on the two sides of the stem, so that each pair of de-
cussate leaves consists of a large inferior leaf and a small superior
leaf (Fig. 128 w and o). At the base
of each leaf there is a small mem-
branous ligule. The roots branch
dichotomously in alternate planes at
right angles to each other. The spo-
rangia are situnated in the axils of the
fertile leaves, which sometimes differ
somewhat in form from the sterile
ones. The microsporangia are usually
higher up on the shoot than the
macrosporangia. Hach of the latter 5., 1ss_gitaginetta helestica (nat.
contains four macrospores, for only size): s the upright fertile shoot, with
one of ; the numerous mcrther-m?lls Epfffi;r;:u:;&n;:rﬁi ":;D;:‘:;;
divides into four danghter-cells,which 1eaves on the under side (u) are larger
are developed into macrospores. than those on the upper side (o).

The prothallinm is formed in the macrospore, just beneath the
apex, whilst it is ripening : subsequently, when the spore germinates,
the prothallium protrudes from the apex of the spore, the wall
having ruptured along its three angles, and it there bears one or
more archegonia. The rest of the cavity of the spore is then filled
with a parenchymatous tissue, which may be termed the endospern
(Fig. 118).

In the microspore the prothallium is only rudimentary; it is re-
presented by one cell, which undergoes no further changes, whilst
from the others the mother-cells of the antherozoids are formed by
repeated division.
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Fic. 181.—Pinps pines. I Tongitudinal gection
through the middle of the seed; y the micropylar end.
JI Commencement of germination, emergencs of the
root. III Completion of germination, after the endo-
sperm has been absorbed (the seed lay too mear the
gurface, and was therefore raised up by the cotyledons
when the stem begen to grow). A BShows the rup-
tured testa (s). B The endosperm (g), one-half of the
testa having been removed. C Longitudinal sect.il.:m
of the endosperm and embryo. D Transverae section
at the commencement of germination; ¢ the cotyle-
dons; w the primary root; = the embryo-sac pual_mnl
out by it (ruptured in B); he hypocotyledonary portion
of the axis; w' secondary root; r red membrang
within the hard testa.

[
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upon when the Gymno-
sperms are being con-
sidered.

The embryo, as it is
contained in the ripe
seed, wusually exhibits
distinet  differentiation
into stem, leaf, and root.
This first root (Fig. 131
w)—the primary root—
lies in the same straight
line as the stem which is
very short. At the op-
posite end the stem bears

| the first leaves (Fig.131c)

which are usunally strik-
ingly nnlike the leaves of
later growth, and are
known as cofyledons or
seed-leaves. Sometimes
the next leaves are dis-
tinetly wvisible, forming a
terminal bud, and these
constitute the plumule.
The portion of the stem
which lies below the
cotyledons is the hypo-
eotyledonary portion (Fig.
131 III I ¢); it merges
cradually into the root,
and the two together are
designated as the radicle.
The internode next above
the cotyledons is the epi-
cotyledonary portion. The
embryo always lies so in
the ovule that the apex
of the primary root is
directed towards the
micropyle; on germina-
tion the root grows out
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The embryo has two cotyledons which do not escape from the
seed on germination.

The Cyeadem are natives of tropical America; they oceur—fewer in fmmbrar‘—
in South America and tropical Asis. Cycas revoluta and circinalis, Zamia
muricata and Dion edule are often grown in hothouses.

Order 2. CoONIFERE.

The stem branches extensively from the awils of the leaves, but not
from all. The leaves are entire and relatively small.

This order includes the Pines and Firs which are abundant in
temperate climates. A conspicuous feature in their habit is the
regularity of the monopodial branching of the stem. In the strue-
ture of their tissues they exhibit affinity with the Dieotyledons;
the trunk increases in thickness, as it does in the Dicotyledons, by
means of a ring of cambium; the secondary wood, however, con-
tains no vessels, but consists entirely of wood-cells (tracheides), the
walls of which bear peculiar bordered pits (Fig. 42).

The male flower consists of an elongated axis covered with
stamens of various forms, which bear two or more pollen-sacs on
their inferior surfaces (Fig. 132 A). ,

The struncture of the female flower differs considerably in the
various families, and in some has not yet been accurately investi-
gated.

The embryo has a conspicuous primary root which grows per-
sistently, and two or more
cotyledons which escape from
the seed and unfold on ger-
mination (Fig. 131).

Sub-order 1. Taxmvezx. The
ovules are perfectly naked,
there being no carpels. The
flowers are always dicecious;
the embryo has two cotyledons.

Fra. 135.—Tarus baccata. A The branch of o
Tazus baccata is the Yew: the female tree with {f) fruit (nat. size). .'B Section

; of a female flower (x 20); b scale-like bracts
ovules ocenr singly at the end of which are stinl visible at the base of the fruit;

very short branches (Fig. 135 B), sthe apparently terminal ovule, with (i) the in-
which bear numerous bracts, The tegument; m micropyle; & nucellug; a a the
fertilised ovule during its maturation mudiment of the arillus, which subsequontly
: grows up round the seed.

becomes surrounded by an arillus

(Fig. 185 4 ), which, when it is ripe, is red and fleshy. The leaves, which
are spirally arranged, project on two sides from the stem, and arve flat and
linear, light green upon the under surface, but destitute of white stripes; by
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The flowers are moncecious: there are two ovules at the baa:e of
each carpellary scale; the ripe seed has winged n.p_pend&?ﬂes spring-
ing from the surface of the carpellary scale (Fig. 136 CF T ttha
pollen-grains have usnally vesicular expansions of the extine (Fig.

132 B bl) filled with air.

The genus Abies has flat carpellary seales ; the seeds ripen in a single year;
the leaves, which persist for several years, are arranged spirally only on theelon-
gated shoots. In most species the persistently growing stem bears well-developed
lateral branches in the axils of the leaves belonging to the upper portion of each
year's growth, and less well-developed branches irregularly in the axils of leaves
lower down. The secondary branches develope in the same manner ; the develop-
ment of branches of a higher order takes place especially on the two gides of the
nearly horizontal primary branches.

The male flowers are developed in the axils of certain leaves of the shoot pro-
duced in the previous year.

In the sub-genus Abies, in its restricted sense, the I'irs, the acicular leaves are
flat, with two margins, and are marked with white streaks upon the under sur-
face ; the cone stands erect in the axil of a leaf borne by a shoot of the previous
year, at some distance from its apex ; when it is ripe, the bracts and carpellary
seales fall off, together with the seeds, from the axis which persists for a time.
To this genus belongs Abies pectinata, the Silver Fir, the emarginate leaves of
which stand out in a ecomb-like manner from the branches, A. cephalonica,
which grows in Greece, and A. Pinsapo, which grows in Spain, both have pointed
leaves. In the sub-genus Picea, including the Spruces, the leaves are prismatic,
with four angles; the cones are developed at the apex of the shoots of the
previous year, become pendulous after fertilisation, and, after the shedding of
the seed, drop off entive. To this group belongs Abies excelsa, the Norway
Spruce. The sub-genus Tsuga (peculiar to North America) has cones like those
of the Spruces and leaves like those of the Firs, and branches arranged in whorls,
though this is not always evident, as in 4. canadensis (the Hemlock Spruce) and
A. Douglasii.

The cones of the genus Larix, the Larches, resemble those of Abies; the leaves
persist through one season only; they are arranged spirally on the elongated
branches, and in a fasciculate manner on the dwarf-shoots which are developed
in the axils of the leaves of the elongated branches of the previcus year; these
dwarf-shoots grow but slightly every year, but they may be transformed into
elongated branches. The male flowers, as also the cones, are situated at the
apex of the dwarf-shoots. The branches are not arranged in whorls but irregu-
larly. L. europea belongs to the Alps and the Carpathians; other species are
found in Siberia and in North America. .

The genus Cedrus, the Cedars, differs from Larix in that the leaves, which are
arranged in the same way, persist for more than one year, and in that the seed
takes two years to ripen. C. Libani occurs in Asia Minor, and . Deodara in
the Himalayas.

In the genus Pinus, the Pines, the carpellary scales have a thickening at their
free ends, presenting on the exterior a rhombic surface, the apophysis. The seed
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The leaves are arranged in whorls of two or three, and at their
bases are continuous with the cortex of the branches.. The scales
(consisting of the fused bract and carpellary scale) of the cone bear
one or more ovules on their inner surface at the base. In Juniperus
communis and allied species each scale bears only one ovule, placed
somewhat to one side, on its inner surface; so that it appears as it
the three ovules alternated with the three scales. The flowers are
moncecious or dicecious. 'The embryo usually has only two cotyle-

dons.

In Juniperus (dicecious) the scales of the
cones hecome succulent when ripe and cohere
to form a berry. In the sub-genus Oxycedrus
(to which J. communis, the ecommon Juniper,
belongs), the leaves are arranged in whorls of
three; in accordance with this the cone bears
three scales. In the sub-genus Sabina (to
which J. Sabina, J. virginiana, and others be-
long), the leaves are arranged in whorls of
two: in these the cone bears two scales (Fig.
137 4), and each scale bears one or two ovules.
Thuja occidentalis, from North America, "is
commonly cultivated. The scales of the cones,
which bear each two ovules, become woody and g5 137.—4 A young cone of
the fruit opens like a eapsule ; the seed has & Juniperus Sabina, seen from above
narrow wing. The decussate leaves project (mag.);ffthe two inferior scales,
bt little from the surface of the branch, and each bearing two ovules (); S f the
bear & protruding resin-receptacle. The ulti- 0 B a.te_ri 18 Bohios: B.I“ng

5 cone of Juniperus communis after
mate shoots branch only in one plane, and 44 removal of the bracts; £ff the
thus come to resemble branched leaves. DBiota three scales(the anterior one turned
orientalis, from China, is similar to the pre- down); e the three ovales. C Ripe
ceding, but the seed s not winged, and the linear 009 Of the same plant; tho turee
resin-receptacles are imbedded in the leaves. scales (f) can still be distinguished.
Cupressus sempervirens, the Cypress, has peltate stalked scales on the cones,
bearing numerous ovules. This is also the case in Chammeyparis, to which
many ornamental shrubs belong, but each scale bears only two ovules. In
Callitris the cone is rounded, and is composed of four seales; the lower broad
scales bear two or three ovules, whereas the upper ones bear only one or they
are sterile.

Order 3. GNETACEE.

The Gnetaces differ from the Coniferm in that the male flowers
ave provided with an investment which more or less resembles the
perianth of Angiosperms.

Ephedra d:‘.a!n.chya is a shrub occurring in Southern Europe; it somewhat re-
sembles an Equizetum, for it has long erect branches and small leaves arranged
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156 PART IV.—THE CLASSIFICATION OF PLANTS.
L]

claws (Fig. 139 B1). Any segmentation of the petal, as in the
Pink (Fig. 139 A4) is unusnal ; emarginate or obcordate petals are
more common. In many cases the petals have spur-shaped appen-
dages (Violet), or they are prolonged at the base into tubes, as in
Helleborus and Aconitum. This peculiarity is connected with the
secretion of the nectar (page 194).

The caliculus or epicalyz is formed by leaves which grow close
under the true calyx of the flower ; such are the small leaves which
alternate with the sepals in Potentilla (Fig. 139 € a) and in Malva.
In some cases these leaves are the stipules of the sepals, in others
they are bracts developed close beneath the calyx. Such an
arrangement of leaves close beneath the flower, so that on a
superficial view they seem to form part of it, is of frequent
occurrence, as in Anemone Hepatica.

Trg. 130.—A Petal of Dianthus superbus, with (n) the claw and (p) the limb, much divided.
B Petal of Lychnig; n claw; p limb; 1 ligula. € Flower of Potentilla, seen from below ;
e corolla; kealyx; a epicalyx.

The Andreecium consists of the male organs of the flower, the
stamens. Bach stamen consists of two parts; a slender stalk
called the filament (Fig. 140 s), and the organ which contains the
pollen-sacs (Fig. 140 D p), known as the anther (Fig. 140 a). The
anther consists of two longitudinal halves, each of which usually
contains two pollen-sacs; these two halves are united by the upper
portion of the filament which is known as the connective (Fig. 140
¢). This is occasionally very narrow, so that the two halves of the
anthers lie close together (Fig. 140 4, a); in this case it may be
that the connective is not sharply marked off from the filament,
and then the anther is simply attached to the upper end of the fila-
ment (innate) ; or it may be articulated as by a joint, so that the
anther with the connective can oscillate on the apex of the filament
(versatile anther, Fig. 140 4,). But the connective is often broader,
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210 PART IV.—THE OLASSIFICATION OF PLANTS.

The most internal layer, the endocarp, is very hard and sclerenchy-
matous (Fig. 162 E), and encloses the seed until germination ; the
mesocarp 1s generally succulent, and the epi-
carp is a delicate membrane.

(2) The berry (bacca); the endocarp is
soft and juicy as well as the mesocarp, so
that the seeds are imbedded in the pericarp:
there may be one seed only, as in the Date,
or many, as in the Gourd, Currant, and
Grape : the froit may have one loculus, as in
the Grape and the Gonrd, or several loculi, as
in the Orange; and further, it may be su-
Fie. 162.— Longitudinal perjor, as in the Grape, Orange, and Lemon,

saction of the drape of the . " i
onds s the oo v or inferior, as in the Currant, the Gooseberry,

tached by the fanicle (f); and the Gourd.
th:h:ﬂ:;:dm.;:ﬂ:;:;ri; t.:: The seeds of dehiscent frumits are usually
epicarp — these constitute provided with various contrivances to ensure
e i Rr s Ch their dispersion; in the case of indehiscent
fruits, the fruit itself is thus provided: of this nature are the
wing-like appendages of the fruit of the Maple and of the seeds of
many Caryophyllaceous plants, the hairs upon the fruit of the Com-
positee, and upon the seeds of the Cotton, the Willow, and the Poplar.
The coats of many fruits and seeds have layers of cells which be-
come extremely mucilaginous, e.g., the Quince, the Flax (linseed), and
the Plantain. The fruits of Geraninm and allied genera have long
beaks, by means of which they bury themselves in the soil.

Some seeds begin to germinate as soon as they are shed, but for
the most part a period of rest is requisite; if this is too much
prolonged, they lose their germinating power.

The Inflorescence. It is only in comparatively few plants that
the first or main axis terminates in a flower; such plants are said
to be uniaxial ; it is not usually till the second or third branch, or
one of even a higher order is developed, that a flower is produced ;
such plants are said to be bi-, tri-, or poty-azial.

The floral axis of Angiosperms frequently forms an elaborate
branch-system which is usually sharply defined from the vegetative
part of the plant, and which bears no leafy structures beyond those
of the flower except bracts. This is known as the inflorescence.

In the inflorescence, as usually in all parts of Angiosperms,
the branching is almost always monopodial a-lllﬂ axillary. :Sume
apparent exceptions may be easily reduced to this type ; thus, in the
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216 PART IV.—THE CLASSIFICATION OF PLANTS.

scutellum (Fig. 165 sc) : in the ripe seed it almost entirely encloses
the embryo, and is in contact by its outer surface with the endo-
sperm ; during germination the cotyledon absorbs the nutritions
matters contained in the endosperm, while the stem with the other
leaves grows out of the seed. In other Monocotyledons the coty-
ledon is either a sheathing scale, or it is the first green leaf, differing
but little from the foliage-leaves which are subsequently developed.

The primary root usually remains small and inconspicnons ; ad-
ventitious roots are developed in succession at higher and higher
levels upon the stem.

The stem of Monocotyledons is traversed longitudinally by scat-
tered closed fibro-vascular bundles; it has therefore no growth in
thickness by the means of cam-
bium. In a few genera only, as
Yucea and Dracena, it grows
subsequently in thickness by the
formation of meristem in the ex-
ternal layers of the ground-tissue
from which additional -closed
fibro-vaseular bundles are de-
veloped.

The axis of the embryo in
many cases continues to be the
main axis of the plant; at first
it is thin and wealk, and since no
subsequent growth in thick-
ness of the stem takes place, and
since the successive portions of
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Fi6. 185.—Longitndinal section of the grain
of Zea Mais [x about 8): ¢ pericarp; » re-
maing of the stigma; f5 base of the graing
eg hard yellowish part of the endosperm;
e whiter less dense part of the endosperm ;
sc sentelluom of the embryo; ss it apex;
e its epidermis; k plumule; w (below) the
primary root; ws its root-sheath; w (above)
secondary roots springing from the first inter-
node of the embrycnic stem (st). (After
Sachs.)

the stem are thicker and more
vigorous, the whole stem gradu-
ally assumes the appearance of
an inverted cone, but when the
plant has reached a certain
height it may then grow cylin-
drically ; this 1s the reason why
in Palms, in the Maize, and other

similar erect stems, there is a diminution in thickness at the lower
end. Frequently, however, the primary axis of the plant perishes
when it has given rise to lateral shoots.

The arrangement of the leaves is at first alternate: when the
stem is well developed this alternate arrangement often passes over
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GROUP IV.—PHANEROGAMS. 225

Sub-order 1. Cusaxtee®. Spikelets closed in flower: styles or stigmas

long, protruding beyond the apex of the inferior palea.

Tribe 1. Panicew. Spikelets dorsally compressed, 1-flowered: glumes 3, of
which the lowest is the smallest.

Panicum glabrum (Digitaria humifusa), P. (Echinochloa) Crus-galli, and P.
(Setaria) viridis oceur occasionally on cultivated land.

Tribe 2. Phalaridee. Spikelets laterally compressed, 1-lowered : glumes 4,
the inner pair being smaller. Phalaris arundinacea, the Reed-grass, is common
on the banks of streams, ete. : a variety with white-streaked leaves is cultivated
in gardens. Anthoranthum odoratum, Vernal Grass, which has only two stamens
and a paniculate inflorescence, is common in meadows: it gives the peculiar
odour to fresh hay.

Tribe 3. Andropagonee. Flowers
monecious or polygamous : glumes
3, of which the lowest is the largest.
Zea Mais, the Maize Plant, is cul-
tivated in warm ocountries: its
flowers are moncecions: the male
flowers form a loose panicle at the
apex of the haulm, and the female
flowers are borne laterally on a
thick spadix, which is ensheathed
by leaves. Saccharum officinarum,
the Supar-cane, is & native of the Bf?
East Indies.

Tribe 4. Chloridex. Spikelets
laterally compressed, usually 1-
flowered, in compound spikes :
glumes 2. Cynodon Dactylon,
the Dog's-tooth-grass, is often
abundant on waste ground. Spar-
tina stricta oceurs in salt marshes.

Tribe 5. Phleine@. Spikelets
laterally ﬂPmpr'EHEd’ 1-flowered, in Fig. 172.—4 Panicle of Oat, Avma sabiva:
dense panicles: glumes 2. 8 main axis; & lateral axes; a spikelet (} nat.

Alopecurus, the Fox-tail-grass, #ize). B Spikeof Wheat: s axis; g the depressions
has the glumes coherent at the in which the spikelets (a) lie. These are removed
hm. and one mdimant-ﬂr.‘f PH\IE‘E. at the lower part.

Phleum, the Cat's-tail-grass, has free glumes and two distinct palem.

Tribe 'E. Sﬁﬂd'il“l:ﬂim Eplkalais lﬂ.t-ﬂl‘ﬂ-uj' comprassad, EhﬂﬂWE:L"Ed or mora, in
f’ﬂ_nﬁﬁ panicles: glumes 2. Sesleria ceerulea, the Moor-grass, oceurs on moun-
ains.

Tribe 7. Nq.:trde:a. Spikelets 1-flowered, in simple spikes: glumes 0.

Nardus stricta, the common Mat-grass, occurs on moors a